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We appreciate the points raised by Burgoon and Borgert regarding
our recent analysis of the U.S. Environmental Protection Agency’s
(EPA) data from the high-throughput (HT) H295R screening of
656 chemicals in concentration-response.1 We considered these
same points as we conducted our initial work and further analyzed
this issue (complete details are available at https://github.com/
SilentSpringInstitute/E2upP4up_followup_Burgoon). We disagree
with their assertion that the 296 chemicals we found to increase es-
tradiol (E2) and progesterone (P4) in the HT-H295R assay are
mostly false positives.

In order to reach their conclusion about false positives, Burgoon
and Borgert made two decisions that are inconsistent with standard
approaches used by the U.S. EPA Endocrine Disruptor Screening
Program2 and the Organisation for Economic Co-operation and
Development.3 First, they did not normalize hormone concentration
changes from treatment to concurrent plate-specific controls.
Second, they required a hormone concentration to increase above
a threshold they selected for the response to be positive. Neither
the pooling of controls nor the application of a hormone concen-
tration threshold is disclosed in their letter but are described in
their GitHub code (https://github.com/DataSciBurgoon/toxcast_
steroidogenesis/).

Burgoon and Borgert miscalculated the fraction of positives
among all the chemicals that the U.S. EPA screened for two rea-
sons. First, they excluded 84 chemicals tested in 2017, which we
included, inflating the fraction positive. In addition, over 2,012
chemicals were initially tested at a single dose in HT-H295R, and
656 were selected for subsequent testing in concentration-
response format because they affected multiple hormones. Thus,
the 296 positive chemicals we identified as active are derived
from screening 2,012 chemicals.

In response to comments from Burgoon and Borgert, we
assessed reproducibility of the data by analyzing concordance
among the 107 chemicals tested in replicate. We found many

replicates (12 of 23 E2-up chemicals and 18 of 21 P4-up chem-
icals) showed concordant positive results. Lower concordance
among E2-up chemicals is consistent with the overall lower
dynamic range of E2 concentration changes in the assay.1

Overall reproducibility among replicates—especially for P4—
adds to the evidence that the data are reliable and that the
standard practice of normalization to concurrent controls pro-
vides robust results.

Contrary to Burgoon and Borgert’s assertions, we used raw
data from the U.S. EPA’s ToxCast database, although—as we
made clear in our paper—we used the analysis of variance–based
method described by Haggard et al.4 to determine the chemical–
hormone hit–call instead of using the ToxCast automatic data
processing pipeline.5 In addition, we mapped the chemicals we
identified as increasing E2 or P4 onto data from the National
Toxicology Program’s Integrated Chemical Environment data-
base, as Burgoon and Borgert suggested. After filtering for the
HT-H295R assay, we found quality control flags for 22 chemicals
(13 that increased E2, 4 that increased P4, and 5 that increased
both). Most of the flags note low chemical concentration in the
well, which can result in false negatives, but positive results are
still qualitatively useful.

It is unclear why Burgoon and Borgert highlight “day-effects”
only for P4 data and suggest that this is grounds for dismissing
the P4 results entirely. Dimethyl sulfoxide controls are included
on every plate to account for variability between measurements
from different plates. In addition, good concordance between rep-
licates for P4 indicates that this is not a major concern, and P4
results are even more reliable than those for E2.

Acknowledgments
Although our original analysis relied on hit–calls from the U.S.

Environmental Protection Agency’s (EPA) analyses of these
data,4,6 A. Borrel and J. Kay assisted us in conducting additional
data analysis to respond to Burgoon and Borgerts’s comments, and
so we have included them as authors in this response. We also
appreciate the support from R.W. Setzer (emeritus U.S. EPA) and
K. Paul-Friedman (U.S. EPA) in preparing this response.

References
1. Cardona B, Rudel RA. 2021. Application of an in vitro assay to identify chemicals

that increase estradiol and progesterone synthesis and are potential breast
cancer risk factors. Environ Health Perspect 129(7):077003, PMID: 64287026,
https://doi.org/10.1289/EHP8608.

2. U.S. EPA (U.S. Environmental Protection Agency). 2011. Steroidogenesis
(Human Cell Line – H295R). OCSPP Guideline 890.1550. Standard Evaluation
Procedure (SEP). https://www.epa.gov/sites/default/files/2015-07/documents/
final_890.1550_steroidogenesis_assay_sep_8.1.11.pdf [accessed 7 April 2022].

3. Organisation for Economic Co-operation and Development. 2011. Test No. 456:
H295R Steroidogenesis Assay. OECD Guidelines for the Testing of Chemicals,
Section 4. https://doi.org/10.1787/9789264122642-en.

4. Haggard DE, Karmaus AL, Martin MT, Judson RS, Setzer RW, Paul Friedman
K. 2018. High-throughput H295R steroidogenesis assay: utility as an alterna-
tive and a statistical approach to characterize effects on steroidogenesis.

Address correspondence to Ruthann A. Rudel, Silent Spring Institute, 320
Nevada St., Newton, MA 02460 USA. Email: Rudel@SilentSpring.org
This work was funded by the U.S. National Institutes of Health/National

Institute of Environmental Health Sciences Breast Cancer and Environment
Research Program (U01ES026130), the California Breast Cancer Research
Program (awards 21UB-8012 and 21UB-8100), the Cedar Tree Foundation,
and charitable gifts to the Silent spring Institute. All authors are or have been
employed at the Silent Spring Institute, a scientific research organization
dedicated to studying environmental factors in women’s health. The Silent
Spring Institute is a 501(c)3 public charity funded by federal grants and
contracts, foundation grants, and private donations, including from breast
cancer organizations. Study funders had no role in the study design; in the
collection, analysis, or interpretation of data; in the writing of the report; or in
the decision to submit the article for publication.
Note to readers with disabilities: EHP strives to ensure that all journal

content is accessible to all readers. However, some figures and Supplemental
Material published in EHP articles may not conform to 508 standards due to
the complexity of the information being presented. If you need assistance
accessing journal content, please contact ehpsubmissions@niehs.nih.gov. Our
staff will work with you to assess and meet your accessibility needs within 3
working days.

Environmental Health Perspectives 058003-1 130(5) May 2022

A Section 508–conformant HTML version of this article
is available at https://doi.org/10.1289/EHP11400.Response to Letter

https://orcid.org/0000-0002-1809-4127
https://doi.org/10.1289/EHP11400
https://doi.org/10.1289/EHP11083
https://github.com/SilentSpringInstitute/E2upP4up_followup_Burgoon
https://github.com/SilentSpringInstitute/E2upP4up_followup_Burgoon
https://github.com/DataSciBurgoon/toxcast_steroidogenesis/
https://github.com/DataSciBurgoon/toxcast_steroidogenesis/
https://www.ncbi.nlm.nih.gov/pubmed/64287026
https://doi.org/10.1289/EHP8608
https://www.epa.gov/sites/default/files/2015-07/documents/final_890.1550_steroidogenesis_assay_sep_8.1.11.pdf
https://www.epa.gov/sites/default/files/2015-07/documents/final_890.1550_steroidogenesis_assay_sep_8.1.11.pdf
https://doi.org/10.1787/9789264122642-en
https://orcid.org/0000-0002-1809-4127
mailto:Rudel@SilentSpring.org
http://ehp.niehs.nih.gov/accessibility/
mailto:ehpsubmissions@niehs.nih.gov
https://doi.org/10.1289/EHP11400


Toxicol Sci 162(2):509–534, PMID: 29216406, https://doi.org/10.1093/toxsci/
kfx274.

5. Filer DL, Kothiya P, Setzer RW, Judson RS, Martin MT. 2017. tcpl: the ToxCast
pipeline for high-throughput screening data. Bioinformatics 33(4):618–620,
PMID: 27797781, https://doi.org/10.1093/bioinformatics/btw680.

6. Haggard DE, Setzer RW, Judson RS, Paul Friedman K. 2019. Development of a
prioritization method for chemical-mediated effects on steroidogenesis using
an integrated statistical analysis of high-throughput H295R data. Regul
Toxicol Pharmacol 109:104510, PMID: 31676319, https://doi.org/10.1016/j.yrtph.
2019.104510.

Environmental Health Perspectives 058003-2 130(5) May 2022

https://www.ncbi.nlm.nih.gov/pubmed/29216406
https://doi.org/10.1093/toxsci/kfx274
https://doi.org/10.1093/toxsci/kfx274
https://www.ncbi.nlm.nih.gov/pubmed/27797781
https://doi.org/10.1093/bioinformatics/btw680
https://www.ncbi.nlm.nih.gov/pubmed/31676319
https://doi.org/10.1016/j.yrtph.2019.104510
https://doi.org/10.1016/j.yrtph.2019.104510

	Response to “Comment on ‘Application of an in Vitro Assay to Identify Chemicals That Increase Estradiol and Progesterone Synthesis and Are Potential Breast Cancer Risk Fac ...
	Acknowledgments
	References


